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ABSTRACT
Aim Habitat types are involved in shaping biological traits of their resident
native species and thus they determine, to a large extent, in which habitats par-
ticular species will succeed if invading outside their native range. However, the
correspondences between habitats that invasive aliens occupy in the native and
invaded ranges are poorly known. We explore the relationships between (1)
habitats of invasive species in their native and invaded ranges and (2) native-
range habitats and the direction of invasion (from/to Europe; from/to the Old
World).
Location Global.
Methods Descriptions of native- and invaded-range habitats of 286 invasive
species were extracted from the literature and transformed into 12 habitat
types. The differences between native-range habitats according to the direction
of invasion and between habitats occupied in the native and invaded ranges
were tested by log-linear models and deletion tests.
Results Most frequent invaders were species confined to forests (98 species),
riparian habitats (80), grasslands (80) and man-made habitats (73) in their
native ranges. Native-range habitats differed between species invading from and
to Europe (110 and 41, respectively) as well as between species invading from
and to the Old World (213 and 75, respectively). Grasslands were the most
overrepresented native-range habitat for species invading from Europe com-
pared to species invading Europe; wetlands were the most overrepresented
native-range habitats for species invading the Old World compared to species
invading from the Old World. Many species that originated from forests invade
grasslands, and, conversely, many grassland species invade open forests.
Main conclusions European grassland species are much more successful as
world-wide invaders than grassland species from other continents invading Eur-
ope, and New World wetland species invading the Old World are more suc-
cessful than wetland species invading from the Old World. Successful invaders
are adapted to a broad spectrum of successional phases ranging from grasslands
to forests.
Keywords
Biological invasions, direction of invasion, habitat invasions, invaded-range
habitats, native-range habitats, plant invasions, source-area approach.
INTRODUCTION
A habitat is generally referred to as the environment of spe-
cies, determined by a combination of abiotic and biotic
factors. Recent studies have demonstrated that habitat char-
acteristics play an important role in determining the patterns
of invasions by alien plant species (Catford et al., 2012;
Pysek & Chytry, 2014). However, habitats in the invaded
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ranges have been the main focus of research so far (Stohlgren
et al., 1999, 2006; Chytry et al., 2005, 2008b; Vila et al.,
2007; Affre et al., 2010; Pysek et al., 2010a, 2012), including
studies of their invasibility versus actual level of invasion
(Chytry et al., 2008a,b). Native-range habitats have been
studied rarely, for example as potential predictors of invasion
success (Hejda et al., 2009), or when attempting to relate the
invasion success of species from particular habitats to the
level of invasion of analogous habitats in the invaded ranges
(Kalusova et al., 2013). The similarity between habitat types
of alien plant species in their native versus invaded ranges has
been addressed in several case studies, but these mostly
focused on single invasive species (see for example Otte et al.,
2007). Various explanations for the observed shifts in habitat
preferences or tolerances between the native and invaded
ranges have been suggested, such as the release from natural
enemies (DeWalt et al., 2004) or genotypic and phenotypic
plasticity. This may result in the ability of species to thrive in
a broad spectrum of conditions and possibly also in the abil-
ity to successfully colonize different habitat types compared
to those occupied in the native range (Geng et al., 2007).
The characteristics of the native-range habitats can provide
general information about the pre-adaptations of successful
invaders. In addition, the level of correspondence between
native- and invaded-range habitats can provide an estimate of
the relative importance of pre-adaptations compared to post-
invasion shifts in habitat preferences of the invading species.
Using a large number of plant species invasive world-wide,
this paper addresses characteristics of native-range habitats
and their correspondence with habitats in the invaded ranges
at the global scale, an issue that has been rarely addressed so
far (but see Hejda et al., 2009; Kalusova et al., 2013).
Potential interactions between the origin of invasive species
from particular native-range habitats and their geographical
direction of invasion represent another interesting issue. Spe-
cies with different traits and adaptations can be expected to be
succesful invaders in different areas of the world, depending
on climate in both ranges, history of human migration, pat-
terns of international trade, land use and human impacts on
vegetation (Pysek et al., 2010b). Massive spread of invasive
plants is often considered to be associated with changes in dis-
turbance regimes, be it sudden large disturbances or, in con-
trast, declines in the periodicity and intensity of regular
disturbance events (di Castri, 1989; Hobbs & Huenneke, 1992;
Alpert et al., 2000; Davis et al., 2000; Davis & Pelsor, 2001;
but see Moles et al., 2012). In general, Europe is considered to
be more a source of invasive species rather than their acceptor
(di Castri, 1989; Pysek, 1998; Stohlgren et al., 2011), and it is
therefore possible that invasions play a different role in the
landscape dynamics in Europe than in other parts of the
world. In Europe, the spread of invasive species can be associ-
ated both with disturbances of native vegetation and with a
decline of long-term management, because the long-term sta-
bility of many European plant communities (e.g. secondary
grasslands) depends on certain intensity and periodicity of
human activities (Hufbauer et al., 2011; Seastedt & Pysek,
2011; Hejcman et al., 2013). In other parts of the world, inva-
sions tend to be mostly associated with human-induced dis-
turbances of natural vegetation (e.g. Hobbs & Huenneke,
1992; Higgins & Richardson, 1998; D’Antonio et al., 1999).
For these reasons, it is possible that alien species coming from
different habitat types (i.e. with different adaptations in the
native range) are successful when invading Europe compared
to the European species invading the rest of the world. Similar
logic can be applied to species invading the Old World and
the New World, two large areas that greatly differ in the his-
tory and intensity of human exploitation (di Castri, 1989).
Moreover, evolutionary and phylogenetic differences can
be presumed to exist between species that originated outside
versus inside Europe. For example, Australia is a refuge for
archaic forms that have become extinct on other continents
(Gentry, 1982). For this reason, Australian species exhibit a
high degree of evolutionary naivety when confronted with
weedy species with cosmopolitan distribution (Schlaepfer
et al., 2005). This phenomenon is likely to be even more
pronounced in case of islands such as New Zealand. Native
species of New Zealand have been shown to be much less
successful when competing with invasive weeds than species
originating in Europe (Hejda, 2013). Another evolutionary
background may also differentiate species from Eurasia and
from North America. Due to the north–south arrangement
of most North American mountain ranges (Cascades, Rocky
Mountains, Appalachian Mountains), it was relatively easy
for North American species to migrate north and south and,
to some extent, balance the climatic changes associated with
glaciation. On the other hand, large-scale east–west migra-
tions were possible for Eurasian species, which have been
therefore confronted with many competitive strategies and
many have developed a superior competitive strength (di
Castri, 1989). For these reasons, European and Eurasian spe-
cies can be presumed to differ in their adaptations and com-
petitive abilities compared to species from, for example,
North America or Australia, which may also influence their
success and habitat affiliations in the invaded ranges.
This paper aims to (1) identify and rank the native-range
habitats of the world’s most widespread invasive alien plant
species; (2) find out whether the native-range habitats differ
among species invading in various geographical directions –
from Europe versus to Europe and from the Old World ver-
sus to the Old World; (3) find out whether the differences in
native-range habitats are reflected in the representation of
basic life forms (woody versus herbaceous) and life histories
(annual versus perennial); and (4) explore the correspon-
dence between habitats in the native and invaded ranges.
METHODS
Data sources, species selection and classification
system
Data were extracted from Weber (2003), a compendium that
lists 450 species considered as the worst invaders world-wide,
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focusing on those that are known to be invasive in semi-nat-
ural habitats rather than those that only grow in man-made
habitats. For these reasons, the list of species did not include
many widespread agricultural weeds. Only those species were
selected for which the description of both native- and
invaded-range habitats was detailed enough. Many native-
range and a few invaded-range habitat descriptions from
Weber (2003) were supplemented with habitat descriptions
obtained from various online sources (see Appendix S1 in
Supporting Information). This resulted in a set of 286 species
(63.6% of the total of 450 covered by Weber, 2003).
A major task was to transform the unstructured verbal
descriptions of habitats into categories that would allow for
classification of species’ occurrence in various types of
native- and invaded-range habitats. A relatively coarse classi-
fication was adopted to avoid misinterpretations of fine-scale
habitat descriptions and to account for species originating
from and invading to various climatic zones and vegetation
types. Taking all these requirements into account, we devel-
oped a classification with 12 habitat types that could be con-
sistently applied across the initially disparate descriptions
(Table 1). A matrix of species and habitat types in both
native and invaded ranges was created, with binary (0/1)
affiliations of species to particular habitat types. Most species
were assigned to more than one habitat type. For example,
when species’ native-range habitats were described as ‘wet-
lands, wet meadows and riparian scrubs’, it was assigned to
grassland, wetland, riparian and scrub habitat types. For
these reasons, the sum of species-habitat affiliations (n = 688
in the native ranges and n = 933 in the invaded ranges) con-
siderably exceeds the total number of species (n = 286). The
nomenclature of plant taxa is standardized according to
Weber (2003) and Kubat et al. (2002).
Data analysis
The differences in native-range habitat types of (1) European
species invading world-wide versus species invading Europe
and (2) species invading from the Old World versus species
invading the Old World were tested using a log-linear model,
assuming a Poisson distribution of errors (Crawley, 2007: p.
527–569). Species’ frequencies in habitat types were used as a
response variable. The interaction term between the factor
‘native-range habitat’ (with each level representing a particu-
lar native-range habitat type) and the factor ‘direction of
invasion’ (species invading from versus to Europe; species
invading from the Old World versus to the Old World) was
tested. This interaction was used as a measure of differences
in the native-range habitat types between species invading in
the two opposite directions. There were 110 European species
invading world-wide; 41 invading Europe; 213 invading from
the Old World; and 75 invading the Old World. The ‘Old
World’ was defined as Eurasia (temperate and tropical),
Africa (including Madagascar and surrounding islands in the
Atlantic ocean: Azores, Canaries, Madeira and Cape Verde).
The ‘New World’ included North, Central and South Amer-
ica, Caribbean islands, Pacific islands, Australia and New Zea-
land. Some species invaded different areas within the same
continent. For example, there were 13 species native to Eur-
ope and invasive to another part of Europe. These cases have
been excluded from the analysis of the interaction between
native-range habitats and geographical direction of invasions.
Using simple contingency tables, we also tested whether
the representation of basic life forms (woody versus herba-
ceous species) and life histories (annual versus perennial)
differed between the geographical directions of invasions
mentioned above.
The correspondence between native- and invaded-range
habitats of species was tested using a log-linear model with
Poisson errors and with ‘habitat types’ and ‘native-versus-
invaded range’ as factor variables. The interaction between
both factors indicated whether the species’ frequencies in
habitat types differed for the native versus invaded ranges.
The significances of all these interaction terms were tested
by deletion tests, which compared the differences in residual
deviance between the log-linear models with and without the
interaction term using the chi-square test (Crawley, 2007).
The results of the test were interpreted based on the most
Table 1 Habitat types used in this study with brief descriptions
Habitat type Description
1. Forests Closed vegetation dominated by deciduous or evergreen trees
2. Open forests Woodland vegetation with canopy openings created by environmental stress or disturbance
3. Scrub Shrublands maintained by environmental stress (aridity) or disturbance
4. Grasslands Open graminoid-dominated habitats maintained either by climate (steppes, prairies, savannas) or land use (grazing, mowing)
or combination of both
5. Sandy Dunes and other habitats on unstable sandy substrate, stressed by low nutrients, drought and disturbed by sand movement
6. Rocky Cliffs and rock outcrops with very shallow or no soil
7. Dryland Habitats in which drought stress limits vegetation development
8. Saline Habitats stressed by high soil salinity
9. Riparian A mosaic of wetlands, grasslands, tall-forb stands, scrub and woodlands in stream corridors
10. Wetland Sites with permanent or seasonal influence of moisture, ranging from oligotrophic to eutrophic
11. Aquatic Water bodies and streams with submerged and floating plant species
12. Man-made Habitats created by humans or where human factor is the main shaping force
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disproportional cells (= habitat types). The most dispropor-
tional cells (habitat types) were identified by comparing the
share of each habitat type between the compared subgroups
of species: those invading from versus to Europe; from ver-
sus to the Old World; native versus invaded ranges. Multiple
comparisons among the levels (habitat types) using the
G-tests (Pergl et al., 2012) were not possible due to low
numbers of cases and therefore also low expected values in
many of the cells, which was due to relatively large number
of habitat categories analysed. All analyses were processed in
R software (R Development Core Team, 2011).
RESULTS
Native-range habitats
Most of the invasive alien plants in the dataset originated
from Africa (140 species of 286; 49%) and temperate Asia
(132 species; 46%). Australia and New Zealand were the
most invaded areas (186 species; 65%), followed by North
America (141 species; 49%). Of the 140 species native to
Africa, most species (121; 86%) were invasive in Australia
and New Zealand (Table 2).
The greatest number of invasive species had their native-
range habitats in forests, followed by riparian, grassland and
man-made habitats. By contrast, the smallest proportions of
invasive alien plants came from aquatic, saline or dryland
habitats (Fig. 1).
Interaction between native-range habitats and the
geographical direction of invasion
The native-range habitats differed according to the geograph-
ical direction of invasion, both for species invading from
Europe versus to Europe and from the Old World versus to
the Old World, as shown by the significant interactions
between the factors ‘native-range habitats’ and ‘direction of
invasion’ (d.f. = 11, chi2 = 21.426, P = 0.029; and d.f. = 11,
chi2 = 31.917, P < 0.001, respectively).
Grassland as a native-range habitat showed the greatest
disproportion when species invading from and to Europe
were compared. For European species invading world-wide,
grasslands made 17.4% of all species-to-habitat affiliations,
but only 6.0% for species invading Europe (Table 3). Wet-
lands as native-range habitats were most disproportionally
represented in the Old World versus New World compari-
son, with 15.2% of species-to-habitat affiliations of species
native to the New World and invading the Old World and
only 8.6% of those native to the Old World and invading
the New World (Table 3).
Species invading from versus to Europe and from versus
to the Old World also differed in the representation of basic
life forms and life histories. Annuals and herbaceous species
were more represented among species invading from Europe
than among those invading to Europe (d.f. = 1, chi2 = 4.499,
P = 0.034 and d.f. = 1, chi2 = 4.335, P = 0.037, respectively),
and annuals were also more represented among species
invading from the Old World than among those invading to
the Old World (d.f. = 1, chi2 = 9.553, P = 0.002).
Correspondence between native- and invaded-range
habitats
The significant interaction term between the factors ‘habitat’
and ‘native-invaded range’ revealed that frequencies of spe-
cies within the types of native-range habitats differed from
those within the invaded ranges (d.f. = 11, chi2 = 39.94,
P < 0.001). Grasslands were most disproportionally repre-
sented among the habitat types, with 11.6% of all species-to-
habitat affiliations in the native ranges and 16% in the
invaded ranges.
The correspondence between the native- and invaded-range
habitats was complex, because species of most native-range
habitats invaded various, in some cases rather different, habi-
Table 2 Native and invaded ranges of the selected invasive species (n = 286), with numbers representing species native to (rows) and





















Europe 13 30 5 9 70 30 18 100 28 119
Africa 18 36 6 11 76 33 25 121 36 140
Temperate Asia 16 34 0 5 83 25 16 97 29 132
Tropical Asia 8 26 1 0 46 14 15 35 21 67
North America 13 18 2 8 7 5 2 21 10 38
Tropical America 12 26 2 11 15 7 4 20 17 40
South America 6 15 2 4 11 1 2 16 7 25
Australia and New Zealand 7 19 2 0 17 3 4 6 9 34
Pacific islands 1 3 1 0 8 2 3 2 2 11
Total in the invaded range 57 99 11 24 141 34 45 186 68
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tats in the invaded ranges (Table 4). For example, species
originating from scrub frequently invaded riparian habitats
(including riparian scrub) and grasslands, while species origi-
nating from wetlands invaded riparian habitats (including
riparian wetlands) and grasslands as well. Conversely, species
originating from riparian habitats invaded grasslands and
scrub, and grassland species often invaded riparian habitats
(including riparian grasslands), but also open woodlands.
Forest species invaded riparian habitats (including riparian
forests), but also grasslands, while species originating from
open woodland massively invaded forests and riparian habi-
tats, but also man-made habitats (Table 4).
DISCUSSION
Within the current dataset, Africa was identified as the
source region of most of the invaders, followed by temperate
Asia and Europe, while Australia and New Zealand, followed
by North America, were identified as the most invaded
regions. Species of African and European origin (121 and
100 species, respectively) were identified as most frequently
invading Australia and New Zealand. This pattern may
reflect (1) close climatic match between large areas in Africa
and Australia (Thuiller et al., 2005), (2) the world-wide
spread of European species as a result of the European
expansion and (3) generally high levels of invasion in both
Australia and New Zealand, which may be partly due to the
insular character of these areas (Mooney & Drake, 1989;
Williams & West, 2000).
An important lesson learned from this study is that inva-
sive species differ in their native-range habitat types accord-
ing to the geographical direction of invasions – both when
comparing species invading from Europe versus to Europe












































Figure 1 Numbers of species affiliated
with habitat types in their native and
invaded ranges.
Table 3 Numbers of species affiliated with native-range habitat types of European species invading elsewhere (n = 110), species with
origin outside Europe and invading Europe (n = 41), species originating in the Old World (n = 213) and in the New World (n = 75).
Percentages are calculated from the total numbers of affiliations of species into habitat types within that particular category – invading
from/to Europe; invading from the Old World/to the Old World. The differences in percentages shown for each habitat type refer to
comparison of (1) European species invasive elsewhere versus species invading Europe and (2) species invading from the Old World and












From the Old World
minus to the Old
World difference (%)
Forests 31 10.4 12 14.3 3.9 69 12.7 30 18.3 5.6
Open forests 17 5.7 10 11.9 6.2 48 8.8 16 9.8 1.0
Scrub 30 10.1 4 4.8 5.3 46 8.5 8 4.9 3.6
Grasslands 52 17.4 5 6.0 11.4 70 12.9 14 8.6 4.3
Sandy 25 8.4 8 9.5 1.1 54 9.9 13 7.9 2.0
Rocky 22 7.4 6 7.1 0.3 37 6.8 4 2.4 4.4
Dryland 15 5.0 3 3.6 1.4 22 4.0 4 2.4 1.6
Saline 8 2.7 4 4.8 2.1 17 3.1 5 3.0 0.1
Riparian 26 8.7 11 13.1 4.4 63 11.5 22 13.4 1.9
Wetlands 26 8.7 10 11.9 3.2 47 8.6 25 15.2 6.6
Aquatic 4 1.3 4 4.8 3.5 8 1.4 11 6.7 5.3
Man-made 42 14.1 7 8.3 5.8 63 11.6 12 7.3 4.3
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sentation of European grassland species invading other
continents compared to species invading Europe may be
associated with introducing the European style of grassland
land use and livestock as well as with direct introductions of
grassland species for forage to the other continents. Euro-
pean grassland species invasive world-wide (for example Ag-
rostis capillaris, A. stolonifera, Anthoxanthum odoratum,
Arrhenatherum elatius, Bromus inermis, Carduus nutans, Cen-
taurea stoebe, Dactylis glomerata, Echium plantagineum, Ero-
dium cicutarium, Hieracium pilosella, Hypericum perforatum,
Lotus corniculatus, Plantago lanceolata, Ranunculus repens and
many others) are likely better adapted to intensive anthropo-
genic pressure than grassland species from other continents
(Hejcman et al., 2013). At the same time, disturbed sites in
European grasslands are usually colonized by native species,
which may decrease the invasion success of species intro-
duced from other continents (Seastedt & Pysek, 2011). Of
course, this result can be biased by Europe having different
areas of grasslands or different numbers of grassland species
compared to other continents. However, this is not likely an
explanation of the prevalence of grassland species invading
from Europe compared to species invading Europe, because
all continents included in this study contain large and spe-
cies-rich grassland areas.
Concerning basic life forms and life histories, annuals are
more represented both among species invading from Europe
compared to those invading Europe and from the Old World
compared to those invading the Old World. Further, herba-
ceous species are more represented among species invading
from Europe. At the same time, European annual species
such as Bromus sterilis, B. tectorum, Erodium cicutarium or
Trifolium subterraneum have been recognized as aggressive
and widespread weeds invading grasslands world-wide.
Native species of grasslands outside Europe may not be well
adapted to compete with annual species as it has been
documented on the example of European annual grasses
(Bromus sterilis and B. tectorum) invading grasslands in
North America, originally dominated by native perennials
(Mack, 1989).
The relative overrepresentation of species from wetland
habitats invading to the Old World than vice-versa may be
associated with frequent introductions of wetland ornamen-
tals to Europe, such as Acer negundo, Baccharis halimifolia,
Gunnera tinctoria or Thespesia populnea, but this pattern is
not as convincing as the disproportional representation of
grasslands among the native-range habitats of species invad-
ing from versus to Europe.
Forests, riparian habitats, grasslands and man-made habi-
tats appear to be the most substantial donors of invasive
plant species world-wide. In contrast, relatively few invasive
species appear to have recruited from dryland, saline and
aquatic habitats. In general, stress factors such as drought,
extreme temperatures, high salinity or low nutrient levels are
considered to lower the invasibility of habitats (Alpert et al.,
2000), which may be at least partly related to the fact that
few invaders are adapted to stressful environments in their
native ranges (Te Beest et al., 2013). On the other hand, the
relatively small area of some specific habitat types, such as
saline habitats, is also a likely cause of small numbers of
invasive aliens recruited from such habitats. However, these
patterns need to be interpreted very carefully. First, we do
not have any rigorous data on the relative areas of particular
habitat types in the native ranges. It is possible that species
from some habitats frequently invade not because of advan-
tageous adaptations, but simply because habitats such as for-
ests and grasslands occupy the largest areas in their native
range, and therefore are likely to harbour the largest species
pools and provide the largest numbers of invasive species.
Table 4 Correspondence between native- and invaded-range habitat types for all the studied invasive plant species (n = 286). For each
habitat type in the native range (rows), the numbers of species in the invaded ranges are shown (columns). The table shows only cases
when a particular habitat type is not occupied in the native range, representing ‘net’ transitions between habitats, associated with
invasions. For example, 30 species with ‘scrub’ and without ‘riparian’ affiliation to the native-range habitats invaded ‘riparian habitats’
in the invaded ranges. The numbers on the diagonal, representing transitions between identical habitats in the native and invaded ranges
(in parentheses), show the numbers of species originating in and invading to that particular habitat
Habitat in the
native range
Habitat in the invaded range
Forest Open forest Scrub Grassland Sandy Rocky Dryland Saline Riparian Wetland Aquatic Man-made
Forest 0 (77) 23 19 28 10 8 8 6 41 12 0 15
Open forest 29 0 (31) 15 17 6 7 2 2 18 8 0 18
Scrub 21 10 0 (31) 22 9 5 2 1 30 5 1 9
Grasslands 26 27 23 0 (61) 15 7 2 4 33 18 1 16
Sandy 17 5 22 21 0 (27) 4 6 4 19 10 1 6
Rocky 15 3 11 17 6 0 (14) 2 2 21 4 0 6
Dryland 10 5 6 9 4 3 0 (5) 2 11 4 0 6
Saline 3 1 4 4 5 0 1 0 (12) 6 1 0 2
Riparian 12 10 19 20 8 6 2 5 0 (46) 13 1 13
Wetland 12 6 10 16 6 2 1 3 17 0 (41) 1 5
Aquatic 1 1 0 1 0 0 0 0 5 6 0 (10) 0
Man-made 30 9 19 20 14 6 4 4 36 16 0 0 (27)
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Further, there are overlaps between the habitat types as
defined in this study. For example, riparian habitats are usu-
ally composed of a mosaic of moist forests, scrub, grasslands
and wetlands. For this reason, most species are affiliated to
more than one habitat type, so the sum of species-habitat
affiliations in both native and invaded ranges greatly exceeds
the total number of selected species. Even though this makes
the interpretation of native-range habitat patterns difficult, it
basically reflects the fact that successful invaders occupy large
areas in the native ranges, are adapted to a wide range of cli-
matic and ecological conditions and therefore also occupy
several habitat types in the native range (Hejda et al., 2009;
Pysek et al., 2009; Kalusova et al., 2013). Information on
biomass or abundance of species within habitat types would
allow for more precise affiliations of species to particular
habitats. Therefore, in the future studies, it may be worth
recording not only the presence of species within habitats,
but also estimate their relative abundances or biomass.
Although invasive plant species typically invade the same
or similar habitats as they occupy in their native range, it is
apparent that many species also invade different habitats.
However, invaded habitats are likely to be described in more
detail in invasion literature than the native-range habitats
because of the generally better information on species from
their invaded rather than native range (Parker et al., 2013).
Therefore, the reported expansions into new habitats associ-
ated with the invasion may be, to a large degree, an artefact
due to biased data.
Grasslands were identified as most disproportionally repre-
sented when comparing native and invaded-range habitats,
with underrepresentation in the native and overrepresentation
in the invaded ranges. Grasslands are invaded by many species
that originate from other habitat types: forests (28 species),
scrub (22 species) or sandy habitats (21 species), although
especially the latter can also include grasslands. The shifts in
habitat preference or tolerance associated with invasions have
been recognized in previous studies (e.g. Hejda et al., 2009;
Moloney et al., 2009), and various explanations have been
suggested (Molina-Montenegro et al., 2011). In some cases,
rapid evolution in the invaded range may occur, leading to
changes in habitat preference or tolerance (Reznick & Gha-
lambdor, 2001; Lee, 2002; Lambrinos, 2004; Lavergne et al.,
2009; Novy et al., 2013). At the same time, genetic variability
and phenotypic plasticity in the native range can lead to the
invasive populations occupying partly different niches and
habitats in the invaded ranges (Geng et al., 2007), which is
especially apparent when invasive populations are subjected
to fewer pathogens and herbivores (DeWalt et al., 2004; Hor-
noy et al., 2011; Kellner et al., 2011), use ‘novel weapons’ (i.e.
new ways to use available resources or compete with other
species; Callaway et al., 2008), or experience less intensive
interspecific competition (Ridenour et al., 2008). Further,
species may not always grow in the optimal conditions in the
native range and can be thus more succesful in different habi-
tats in the invaded range. In some cases, the optimal habitat
of a given species in the native range may be occupied by
strong competitors, hence its occurrence is more pronounced
in another habitat that is less suitable in terms of the species’
ecological requirements.
As already mentioned, there is an overlap among the habi-
tat types used in this study, and, moreover, some of the hab-
itat types studied here may actually represent various
successional phases of vegetation. For example, succession
from grassland to scrub, open woodland and forest can
occur within a few decades in the same place (Prach &
Pysek, 2001). Riparian habitats typically represent a mosaic
of vegetation types, ranging from riparian grasslands to
riparian forests. This raises a question whether the native/
invaded-range transitions among these habitat types really
mean that a particular invasive species is able to occupy dif-
ferent vegetation types in the invaded range or whether it is
just adapted to thrive in a broad range of successional stages,
ranging from open habitats such as grasslands to forests. This
idea is at least partly supported by the fact that species
recruited from grasslands frequently invade both riparian
habitats and open woodlands, while forest species frequently
invade riparian habitats and grasslands as well. Species from
man-made habitats often invade both riparian habitats and
forests. However, in the case of forests, it is questionable
whether species recruited from man-made habitats really
invade closed undisturbed forests or whether they thrive in
disturbed or at least partially open places. It is commonly
observed that synanthropic species do not usually invade
pristine woodlands; instead, they establish at disturbed or
otherwise human-influenced sites (Alpert et al., 2000).
Humans can act as a vector for the propagules of alien
plants, while the human-induced disturbances can create
sites suitable for the invasion, with lower intensity of compe-
tition by native vegetation (Williamson et al., 2005; Hu-
fbauer et al., 2011). On the other hand, even habitats with
limited human impact can be invaded, as demonstrated by
Martin et al. (2009). However, it is apparent from these data
that species recruited from open habitats in their native
ranges, such as grasslands, are able to invade semi-closed
vegetation, such as open forests. Conversely, species from
closed habitats (forests) frequently invade open vegetation,
especially grasslands. The level of invasion of individual
invaded-range habitats may also be biased by differences in
propagule pressure of alien species, which are mostly related
to human activity within a given habitat. In general, man-
made habitats reveal high levels of invasion, which may be
related more to the human-assisted propagule import than
to the invasive species’ adaptations from the native ranges
(Chytry et al., 2008a,b).
Unfortunately, most of the descriptions of both native and
invaded-range habitats do not allow for addressing the corre-
spondence between them in more detail. However, it has
been documented that species broaden their native-range
ecological niche during the process of invasion (e.g.
Essl et al., 2009) and it is likely that some species really
invade other habitat types than those occupied in the native
range.
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